We study the flux noise S Φ (ω) and finite frequency conductivity σ 1 (ω) in 
A particularly sensitive probe for such vortex dynamics is the study of flux noise. Conventional transport properties such as the IV characteristics, while sensitive to vortex dynamics, are typically nonequilibrium measurements, requiring the application of an external current. By contrast, magnetic flux noise is typically measured at equilibrium, by placing a superconducting quantum interference device (SQUID) over a portion of the array or film.
Such a measurement is sensitive to equilibrium fluctuations in the local vortex number of vortices within that area.
A number of groups have studied flux noise in superconductors. Several measurements have been carried out in in high temperature superconducting films, including Bi 2 Sr 2 CaCu 2 O 8+δ 6 and YBa 2 Cu 3 O 6.95 . 7 Recently, Shaw et al. 8 have done noise experiments on overdamped JJA's consisting of superconducting Nb islands in a Cu film, greatly extending some earlier measurements by Lerch et al. 9 These experiments yield a range of behavior for the spectral function S Φ (ω) of the flux noise, that is, the frequency Fourier transform of the flux-flux correlation function. For example, YBa 2 Cu 3 O 6.95 7 and JJA's 8 are found to have S Φ (ω) ∝ ω −1 at "high" frequencies ("high," in this context, meaning greater than about 10-1000 Hz), while in Bi 2 Sr 2 CaCu 2 O 8+δ 6 S Φ (ω) ∝ ω −3/2 at similar frequencies.
There have also been several theoretical studies of flux noise in such systems. Houlrik et al. 10 discussed the behavior of flux noise from a Coulomb gas analogy, and calculated S Φ (ω) from a time-dependent Ginzburg-Landau (TDGL) model. At high frequencies, they found In this paper, we carry out extensive calculations of flux noise in an array of coupled overdamped Josephson junctions, using Langevin noise to simulate the effects of temperature. Our model is similar to that of Tiesinga et al. 13 , but we study the real part of the frequency-dependent fluctuation conductivity σ 1 (ω) in addition to the vortex noise, and we calculate both over a considerably wider frequency regime. Our results for the flux noise show a clear signature of vortex diffusion above T KT B , i. e., S Φ (ω) ∝ ω −3/2 above a cut-off frequency ω v (T ) which approaches zero near T KT B . σ 1 (ω) is found also to have a characteristic frequency ω σ (T ) which approaches zero on either side of T KT B .
The details of the RSJ model can be found in the literature.
14 The current through a junction between two superconducting islands i and j is assumed to consist of three contributions in parallel: a normal current I R;ij = V ij /R ij through a resistance R ij ; a Josephson current I S;ij = I c;ij sin(θ ij ); and a thermal noise current I L;ij . Here I c;ij is the critical current, Many of the physical observables of interest are spectral functions, that is, the Fourier transforms of various time correlation functions. For an observable O(t), the spectral function is defined as
With this definition,
, where t denotes time. Another quantity of interest is the helicity modulus γ, 18 which measures stiffness against long-wavelength twists of θ, and is proportional to the superfluid density. theorem 20 for several different temperatures. In the classical limit (hω ≪ k B T ) for this isotropic system, this theorem gives
where J x = ij I c sin(θ i − θ j ) is the x-component of the supercurrent. For a fixed temperature, σ 1 (ω) flattens at low frequency and falls off at high frequencies approximately as 1/ω 2 .
The slight upward convexity at high frequency here (and for the noise calculation below) is an artifact of the fast Fourier transform used to evaluate these quantities. Fig. 3 (b) shows σ 1 (ω, T ) at several fixed ω's. At the lowest frequency (nominally ω = 0, but actually an average over several ω < 0.08), there is a strong peak at T ≈ T KT B (somewhat masked by the log-log plot). For the other frequencies (all greater than ω 0 ), no peak is discernable near T KT B , indicating that the influence of the transition is suppressed at such high frequencies.
By comparing these results with those of Fig. 2 , we see that the peak in γ 2 is dominated by the low frequency regime of σ 1 (ω), i. e., ω < ω 0 .
Next, we turn to the flux noise S Φ (ω). Rather than calculate this quantity, we instead calculate the somewhat simpler vortex number noise, S v (ω), which should behave similarly 
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The spectral function thus clearly shows the characteristic signature of vortex diffusion at temperatures above T KT B . We now discuss more quantitatively the apparent critical slowing down seen in both our flux noise and conductivity calculations. In the former case, Shaw et al. 8 have suggested a scaling form for S Φ (ω) which may be written
where ξ is the divergent correlation length characterizing the phase transition, and F is an appropriate scaling function (we ignore any dependence on other possible scaling variables such as ℓ/ξ). The frequency ω ξ is expected to vary as ξ −z , where z (≈ 2 experimentally 8 ) is a dynamical critical exponent. A simple scaling function which appears consistent with our calculations for S v (ω) is
As a partial test of this form, we plot in Fig. 5(a) Our results differ from the 1/ω behavior seen experimentally for S Φ (ω) in overdamped It remains unclear why our calculations do not show a clear 1/ω regime, as seen in some experiments and reported in calculations using a local damping model. 13 One possibility is simply that we have not probed the noise spectrum to sufficiently low frequencies, or, possibly, in a sufficiently large area. In the experiments, the 1/ω regime occurs in the KHz regime, and certainly well below MHz. By contrast, our calculations do not probe frequencies much below about 0.01ω 0 = 0.01 2eRI c /h. For typical array parameters, ω 0 may be in the range of MHz or higher, suggesting that it could be quite difficult to approach the 1/ω regime in such numerical calculations.
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